
4 .-14" m - .

SAM 060* A-OW•

g d.

Bet A W 0 1 2,,;ai2

' . 4 . ... 1t

, .S.h # A. S .. 3

,A 4A, P-tAA•

• II tlllml iIt

* I

BetAviabeCp~ 129



Approved fbr public release: distribution unlimited.

OGA N OýVf.K A -ySPLAY3

7-14AA~(mCiAF4TI

Naval Air Systeme Comumand
VW6-55-401-6851

tHsvid Medial h g sfýep ~MI.FZ77r5s62QP-j 3=

Approved by: Released by:

Aeulatmt 9w.8c1entifto Programs Commanding Officer

J 5 Novd= u37J

NvlAerospace Medical Resnarch Laboratory
Naval Air Station

?easaoola. Florida 32500



8UIULUY PAGE

?U PROS=

The purpvoe o this report is to provide witbin a single documnt. a
amspmdium of de'i an Read-up DUrplays C0=0) in U. S. Navy and U. 8.
Marine Crpes aircraft that Is gerrAne to a Human 71cor assessment of BUD
design an pilot pertoruano.

"The data in Weis report were ompipUed from curreU Ntival Air Training
ad Operting Procodures Standnrdiuation (MATOPI) manuals &ad design epooi-
&a1*=os for mob of thi UD units.

-Operational 3UDm ware found to vary dramatically from eacb other and the
%411tMry p,-oat for ! UDs. U-D-S1641 (AS). with repect to symbology
md bormttng. VuxthM0Tom , display clutter was reported by pilots to be a
majo protim. A comprehensive InformaUon processing evaluaton of virtual
Imp eymbols and formatlng under dynamic conditions was recommended.

Ftmly ofn ot tha current Navy aircraft has aUD Montrol panel that
amplsee to MIL-D-6I141 (AS). the military pecific.tion for UILs. Pilots are
required to bring their ey•es back into" the cockpit to ensure proper switch
mslecti end. consquen y, aegate the primary purpoee of maintaining a head-
upmode.

#.CEWOMZ.JD O]MINT

The author wishes to express bla apprecltion to Captain J. 3. Goodson,
MO0. UWN (Ph.D) for his tiae, ideas, and comments.

U" Best Available Copy



1. INTRODUCTION

Seed-up disleays (GUDs) utiLiae cathode ray tubes and coinlmatlAg optics
to project display Informaton on a combining glass mounted in gront of the pilot's
"eyes. By looking thrigh the wombiner, the pilot can manitor nstrument die-
play synboiqy sad reol-world tzgets at similar optical distances wad then
reduc the naed t•o zeMoa modatim when looking from one to the other.
Advaces In BUD technology have progressed at a rapid pace and have produced
a vurety of MUD models. The U. S. Navy, and US. . Marine Corps ha-s fotor
"operatIonad aircraft that carry HUDe. Thes aiacrft are the A-4M, A-7I, AV-$A,
and F-14A. With the addition of the rthwuomnsI F-I1, there ill be five HUDs
which be"v be= de•ged to acsnodate specific Navy and Marine Corps
aviation mislacs and weapozs delivery systems. Table I preentse the noman-
laturl and manufacturer for esach of these five MUD systems.

U*otub"uy, the Huma Factors evalustiou of KUDs boa not kept pace
with technological advances. The Ruman factors EngineerIng spUcftOitiO deal-
Ing with HUD. MU.-D-81C41 (AS), Is baed primarily on expert opintoan and not
an date from costroUed expermeants. Consquently, research on bow HUD
deip affect$ piot perforzonoe needs to be done, lgm and Goodmon (3) have
reviewed MIL-D-11.41 (AS) and the Human Factors Uterature on HUD* and have
made recommendations for rosearch. However, speciho Irmation on the
design of operatkoal MHUD Is diffiMc to collect sul collate due to the linited
distribution of design speclflcsoue, sad the ecwurrmt updating of the Naval Air
Training and Operating Froceduree Standardiuatio (NATOPI) manuals.

The present report provides a compeadium of data on operational HUD, in
U. A. Navy, ad U. 3. Marne Corps aircraft that Is gerumne to a Huan FeCtOrt
sesexamant of the osecs of MUD design on pilot performwanc. The data in th
repart were pri'auily compiled from current NATOPS manuals and detailed
desli specificatione iw each of t HUD unite . Interviews with pilots provided
anoodota uormatito. The report Is present2d In two secttios. Mrst,
qecifc comparisons are mads awag the formate and symboliglts 1ound in
operatoal BUD@ ond those reo mcended In ML-D-11141 (AS), Tl*e, the HUD
camra units are reviewed with respect to control twitch tfpe. location, nomen-
lature, ftocticn, and mode of opwation.

a. MUD M I MBOLOGY

COI'ApXSONS CI- SYNDOLS ACRO8S AICRAFT

Taube II presents the HUD symb'ls usod In the A-47. A-73. AV--IA. and

?-14A aircraft Lnd the symbols specified in ML-D-81141 (AS) (1-10, 12- IS).

ft should be notod that Table 1 depicts only the form of etch swbol and is not
a representative oompaurisof Symbol she and line widtL. When an swirc'aft

did no• have a symbol thatt "Is unctiOa11y the same Is that specifted by
WML-D-81641 (AB), a NONE wis entered for that cell of Table I7.
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As can be readly observed from Table I.. eymbology vatr-o dramatically
across aircraft. As has been prevAously tinted by guan and Oood*-.n (3). little
is known of who: display svmbology is bet from a huma, factors enginfering
standpoint.

DXSPLAY MODES AND DISPLAY CLUTTER

Figures I through 6 present the display modei accordIng to MIL-D-
1) 641 (AS) for takeoff/navigetiun. terrain-followivNg bombing. boresight wedpon.
puided weapon. and landing. Figure 7 depictA the spectfled field of view and
appropriate symLbol locations. Display and test modes are shown for the A-4M
in Flgures I through 10. the A-7E in Figures 11 and 12, the AV-1A In Figu ti
13 &nd 14, and the 1-14A okrcrP in Figures 16 through 28.

As can be observed from Figures 1 through 20, the display formats vary
considerably acrose the aircraft and do -Aconform to 1ML-D-81641 (AS). Some
obvious differencs Mbetween 41h,. display formats are the bshp., the number, and
the arrangement of tWi symbol@ presented during any particular mode. Rt to
difficult to ,rigue that MIL-D-11841 (AS) dednea the optimal set of symbols and
formats to be used. aince eperiamenw.l data =n virtual Image symbtuls and formats
are minimal. However. It would seo= appropriate for the formate to cor.form to
Navy specifications in order to maintain standardization scrosi aircraft.

Anecdotal evidence from pilots Indicates that display clurter is a major
problem. This Is supported by a survey (11) which Indicated that A-7 pilots
turned their HUD cif because they felt it interfered with thsir performance. Dik-
play clutter is the most common subject of complaint hy pilots. Pilotp woud like
to have a prster control over the information presented on the HiUD during the
verious phases of their missions. The declutter switch on the A-4M and on the
1-14A was designed with this purpose in mind. Howover, A-4M and F-14A
piltos still argue that they do not have enough control over the displays.

An initial step in minimizing display clutter would be to detetmnne what
Information is u8sential for suh mode. and present only that infurr'ttokL on the
HUD, For example, attack pilots report that during a dive ."ombtnj run, altitude,
heedrng, airspeed, and pullup anticipation cue symbols ime not monitored and
need not be displayed. These symbols are reported to d',tract the pilot and
Inmerfere with his ability to maintain the BUD trget symbol In alignment with
the desigratiwd bomb target.

ft should be remewbored "ct tha displays depicted in Figures 1 through 18
are dynamic displays. Symbols are constantly moving or changing their values.
Research on dynamic vlrtual image d:splayn is eesonU ally non-existent. A simple
yet dramatic example of the impact of ;ymbblogy movement in EUDs can be ohow•.
in the AV-IA. As shown In Table II. the AV..A his digital alUtude and airspeed
symbols. When the a8.rcraft is in relatively stable flight, such as In a hover or
flying the airways, the altitude and airspeed displays can be easily read. How-



r. wbh the plva to in a dive or a climb, the pilot cannot accurately read
lther display because of the plane's rapidly changing altitude and airspeed. The
wd for a como.arohenavo information processing evaluation of vlirual Image

symbolo and formating under dynamic conditicne should be obvious.

m. PLOT CONTROL UNITS

Dotaid doscriptions of switch type. kos'dion, nomenclature, function,
ad operaonal modes for cah of the pilot HUD control units are pro•snted in
thOs sotion, along .-ith the modas of operation and manual controls speciflofl by
UL-D-$1B41(AS).

A. A-4N (AN/AVQ-24)

The A-Of Is a single seat attack aircraft,

ContaoI Locetion and Swi~tch TM~o

FIgure 21 presents the HPJD control unit in the A-4,M as viewe4 from the
pilot's seat. The HUD in the A-4M is referred to so the Digital Diaplay Indi-
ctow and is locawed on the top center portion of the instrument panel. The con-
trols in the HUD are locrted on the port, starboard, and aft sections of the unit.an the por-t side of the HUV• thwo '-a a Uho position toggle rwitch labeled tist,

N, and DCLUTR. A .otary switoh on the pWrt side serves as the on/off and
brightnese oantral. On the starboard side of the hWD unit. t three poaition
rotary switch Is located that functions as the on/off and brightnesa control for
th. standby rstlcle. The aeft portln of the HUD has rotry QFX switch. a
rotry wtngspan switch, a three poaltion t•ggle switch labeled 1, 2, and 3. and
a roary mode selector switch labeled A/A, NAV. CCIP. BARO, and MSL.

Table ra presents the MU. ootrol nomenclature and function descrlption'
for the A-4W aircraft (8).

Modes" of Operation

The A-4L:4 HUD has OLT modes of operstion. The display format for each
modo Is presented in another portion of this report.

1. Air-to-Air (Ftig. 9)

2. AIr-to-Ground (.ARO) (Figs. 8, 10)

3. Air-to--round (CCIP) Figo. I. I)

4. Navigate (Mig. 8)



Table M

BUD Control Nommtn'ur aand Function for the
A-41W AircrAft*

C~nrlNomenclatutr e I to

M'3Y RTCL OF/B/T Combined switch potsintiomtw selects ON(
OFF md oont:vl brilliance of staWndby
sight symbol.

SMD OFF/BRT Combined switch potentiometer selects ON/
OFF, and adjusts CRT symbol brilliance.

WNGSPAN (W/SPAN) Provides adjustment for target wingspan
between 20 and 120 feet. Adjusts missile
boreslght circle diameter when In missile
aode.

(73t Provides adjustment to local barometric
pressure altitude.

WIN 12 3 Three-position srwitch used to select type
of wespon.

TLdrT/N/DCLUTR Three-poultion toggle switch.
1. Upper position - provides a fixed,

self-test display
2. Center position - provides a normal

system operation according to mode
selentor

3. Lower position (DCLUTR) - removes
sped, altitude, and heading indicalr
symbols from display

Mode select switch (DARO peal- r)IRital display indicator displays baro-
tlon) metric rolejge air-to-ground (BARO) sym-

bology.

Mode soie/t switch (CUIP po*I- Dialgk displa.., inc'cator displays contin-
tion) uously com!puted Impact point air-to-

ground (CCIP symbology.



(COGUnmej

MID CA~tro NMowU~IbZG Udr YwUCtlL fM rI
A-4M AUrcafts

Node Pelet switch OIAV position) D~ji Al display India~m dtislays asyt-
ption symbology bicuding: bmsdWa
mvsto, Pitch and roll atttUodo aL'IPOed
sad altitde @Wi..

Mod melinct switch (A/A Position) Digta display 1:dl101r "It"ay &WO4a
igbt. ram* uCgsm. twer line. mid

Imartu air-to-sIr eymbclgy.

Nods seect switch DM. position) Digital. display IaD&lO displays ISLIGSi
"sybalogy gunroea symbol used ftr
ulaSil. bm.Gaihung. Ksluge bia-emght
eide varied by wingspan Oiatral WOd
p"b set lb bcmeght Idaimun aliowable
Oam mualle selected.

*Aapted brow A-4N HATOFS



b Mlssle (Fig. 10) |

I. Standby (Fig. 9)

inputs to he A-4H HUD, other than those on the unit itself, can be made
Ct~ruig* amputwi control. Manual irputs thgough the computer control panel
Wat oe the upper pe:t seci•on of the Instrument panel include: depression.
wiadepeed. wUAd heading. drift. release altitude, and tair;et i;.tudt information
nquired *a weapon delivery. A thumbwheal located on the forward face of the
CwWl serves as w ravge cantol used in air-to-air caloulation of stadusni tricrapp..

2 A-7I2 (AN/,,VQ-7) !III
The A-7 is Isa 8lglas-eet attack aircraft.

Control Location ancl Switch Type

lI"gure 30 presents the HUD control unit In the A-7T as viewed from 1oe
p; A's sec. ".he HUD in the A-7 to referred to se the Pilot's Display Unit, and
Is located on the top center portion of the amntrol panel. The In-rsnge Indicator
(IN R140) is located on the aft-starboard combiner support, A combiner position
level Is located on %hs sft-prt combiner support. The remainder of the controls
ae positioned on the aftor section of the Pilot's Dhplay Unit and include the
Wllkwing: a two position toggle switch for pAnel light control, a rotary switch
hrI HUD on/off and brightness control. a rotary switch fevc standby reticle on/off
and brightneis control, a two pouitkin toggle switch fog: selecting barometric or
radar altitude, a two position toggle switch for test display presentation, a
rotary filter knob for Insertin or removing the night filter, and a rotary standby
re•c~e depression switch. Also located on the after portion of the control unit
Is Pe L Lrdicator window which displays the depression angle of the standby
reticle.

Table II presents the HUD control nomenclature and function for the A-7E
aircraft (0).

Modes of Opersti&n

"rhe A-7i hsa ton mod a of opetition. The display formats for each mods
are presented in Figures 11 and 12.

1. Radar Bomb (Fig. 11)

2. Rd.tr Bomb Offset (Fig. II)

10



T&t'.. IV

HUD Control Nxenc•a• uture and ]unc don for the
A-7I Aircraft*

Costral Nomuncature ?ito

IN KNO l ndl• atot: ON - ind'lates FLR iL tu AIR mode sand is
Wocked on a target wtthLn a pruselected
range. Range Is setO the Range t
thumbwheol contrcl on Instrument panel.
The light in not controlled by the Tactical
Computer.

MNL LTS switch PNL LTS •turns on BUD penel lights.
OFF - turns off HUD pael lihts.

STMY R'TICLZ power and bright- BRT - clockwue, rotatUMa applies power to
ness ontrol. standby reticle and inlcreses reticle

br•lghtnues.
O0" - fuLl countm-clockvise rotation turns

off standby reticle.

11r switch TIST - Initiates built-in self-tint.
OFF - dieconnects solf-toet.

I.M Indicator hndicatae depression aingl of standby
reticlo in miUl.

Stndby retlicle depression knob. UBPR - clokwise rotation adjusts the
steadby roUcle depression angle from
two to 210 mlle. Two detent positions
Ire provided, one at the tero polition
and one at approximately 87 mile (50).

hARO ALT/RDR ALT switch BARO ALT - cause, barometric altitude
to be indicated on HUD altitude scale.

RDR ALT - cause# Radar Altimeter ulUi-
tude to be Indicated on the HUD altitude
scale with an index mark beneath the
numeric. When the Radar Altimeter is
nat locked on, the HUD altitude scale
will Indicate 0.

WI%
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Table IV
(Continued),

imD Contrel momeaclature and Punction for the
A-71 Aircraeft

C H aemenclature Funciuon

IU.T3R knob DAY - remove night filter from field of view
UOT - inserts ftlter In front al low s

ICAMJ switch WCMNS - displays uupe 4. a1titude.
vortiosl velocity, and heading sym-

Orr - removes scaeds .a display.

HMUD power and brightness control IRT - clookwise rotation applies power to
don HUD end lncrea•i 1y,•bol bright-
nle..

OFF - full oountsrcl'kwle rotatim turns
off the HUD except for the standby
rYle e.

Cocmbiner position lever Permits fore and aft movement of oombiner
$lass to raise and lower HUD field of
view.

*Adapted from A-71 NATOPS.
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S. Normal Attack (Fig. 11)

4. Normal Attak Offset CPig. 11)

5. Twrradn Following (Fig 11)

1. Landing (Pigt. 11, 12)

7. Navigation Bomb (Pig. 11)

1. Data Link CPI. 11)

1. Ou Hi/Oun Low (Pig. 11)

IC. Sta•dby CFig. 1J )

p!l HOD Inputs

Mad* selection in the A-78 is accomplished through extemd signals sup- ',

plied to the H-UD from the Msuter Function Selectors. The Master FunctIon $lec-
m ar erailee of pushbuttons located on the port instrument panel. Table V
presse listing of the Master Function Selectors and their Nactions (I). |

A slew otrol. for the HUD aiming symbol is positioned an the sircvft's
port nsutrment console. This "Joystick" permits movements of the HUD aling
"tybol in elevation and arimuth. A reticle slow thumbwhoal, which Is

cuirutly disabled, is located on the base of the throttle grip uad is devigned to
slow elevation commands to the HUD miming symbol.

C. AV-&A

The AV-SA Is a single seat attack, vertical short takeoff aad landing
(V/STOL) aircraft. The TAV-SA Is a tandem two-seat V/STOL trainer. The front
wkpit of the TAVP&A is basically identical to the single-seat AV-#A's cockpit.
Thm HUDs in mah aircraft are identical. However, the TAV41A also has a HUD
in the aft cockpit. Therefore, in the lollowing descriptons, controls and rmnctlore
wiUl be idantifled with respect to oockpit. Ref crenoe to the front cockpit are
applicable to both aircraft.

Control Location and Switch Tyr,9

Figures 31 end 32 present the HUD and the HUD control panel. retpec-

tlively, for the ÷V-& aLircraft. The pilot's HUD control panel to located
in the fcrword cockpit, above the pcort inutrumert console. Cmntrols on the

control penel include the fcllowing: a six-porition rotary mode selector
knob. a rcitary display brightnesn control, a two-posl..on toggle switch for

Is
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Tabie V

Master Function Selectors for the A-79 Aircraft*

Contr. l Nomenclature Function

RADAR BOMB Selects the Radar Bomb mode of attack for
the weapons delivery system.

NORM ATTACK Selects the Normal Atteck mode for the wea-
pons delivery system. Used for oomruted
loed for rockets and air-to-ground Sun mode.

T7 Selects Terrain Folloming mode. Causes
HUD and ADI to display TF end Navigation
mode symbology.

LDG Selects the Automatic Carrier Landing Sys-
tam (ACLS). Causes the HUD to display
landing symbology. The HSI displays
TACAN dlstance and bne.ring.

OFSERT Used in conjunction with the Normal Attack
o, Radar Bomb mode to attack a target that
may not be visible but can be located in
relation to an offset aimpoint (OAP).

I
NAV BOMB Selects the Navigation Bomb mode. Uses

target ooordinates, as stored in the Tac-
tical Computer, as a normal destination.

DATA LINK lecouples the Tactical Computer and
couplee Data Link guidance.

GUNl HI/GUN LOW melectors Selects the computer air-to-air gun attack
mode. HUD displays lead c.mruting aim-
ing symbol. Computer updatee are not
possible in this mode.

*Adapted from A-7E NATOPS.

141
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delsay'.ng the speed rrror ayrbol. a rotary switcb for adjusling set oseed. a
two-poeition lolgle swi". for selecting indicated airspeed or mach number.a
two-position toggle on/off switch for selecting UHF homer, a two-position
toggle on/off switch fee selecting angle of attack, a two-Toelt~n toggle owltth
for eelectlag radio or barometric altitude, a two-poaitton' teg jle switch Sor
selecting or d~eeoloctng T&CAN steering, two puah-bu!tons !abeled "Tew't
and '2' that allcw test patteras to be displayed, a rotary suitah for setting
barometric pressa~re datum, and a rotary switch for nselctng air-10-air 1=n
mods and target wingspan adjustment.

Table VI presents the HUD control nomenclature and function for the AV-SA
and TAV-1A aircraft (7).

Moe oa peain

The AV-I1A has four modes of operation. The display formats for eaoch mods
an pree...Med In figures 13 and 14.

3. NAVIGATION CMig. I.-)

3. WKAPONS A CPig. 13)

4. WIAPONS 5 (Fig.- 13)

Althugh a fifth mode. Weapons C. is providod for on the HUD control pwsel. it
is currently inoperative.

Other HUD-In2Hts

A 1=~ override panel Is located on the port section of tho aft cockpit's
Snetyvwea panel. The panel has a threeoposltion rotary switch labeled NORM,
VESTOL. and !EAV. When V/STOL or NAV are selected, selections In the front
cockpit are overriden. When NORM in 5slected. the HUID coiitrol panel =dod
selections are displayed.

A FMI display panel it located on the staiboard Instrument console In the
aft cockpit.

xThe panel contuins two prwset adjustm~ents labeled PANEL
flBSCT. t"o teat buttons labelead TEST 1 and TEST 2.* two pro-
see adjustments labeled H. two preast adjustirento labeled XG
and "'G. and a control knob labeled DIM. - he PANEL PRESET
sdjuetmsnts are m~ade before flight to set the brirghtness lovel of
the repor HUD un.1t. The test buttons, when depressed. cause
a toot pattern to be dloplaynd on belt! HUT) units. If TEST 1



Tabe VI

BUD ContrWl RomesnC!a'e and Function for the
AV-LA Aircraft*

CQtro Nme 1clature Function

HUD mode selection knob. The mode selector knob. laboed OFF.
V/STOL. NAV, WPWS A, WPN B, WPN3 C.
swrtcaese Cie HUD system on and selects the
"symbols required far normal flDh a modes.
The WPNS C mode is inoperative. Rotating
the knob out of the OFF position energizes
the HUD system and enables the UH7 hom-
Ing steering bar. Selecting the NAV ýxeition
selects the navigation display. Selecting

the V/STOL position seas a V/STOL dls-
play which Is similar to the navigatlon dis-
play except for the added sideslip inrvcation.
Optional symbol presentations In the two
"dee also vary. The WNS A and WPNS B
modes are sir-to-ground weapon aiming
modes. Air-to-sir weapon aiming displays
are selected with the wingspan setting knob.

Display Brightness Centrol. A knob labeled DIM adjusts the display in-
tensity to a contract level which Is main-
tained A£.tomatically by the solar cell uwit.

Error Scal Switch. The ON position is labeled MRflOR SCALE.
The speed error symbol is displayed when
the switch is ON.

£tt Speed Control. A knob, labeled SET SPEED, causes digits
Indicating demanded speed to be displayed
when the knob is pushed against Its spring-
loading. The i;maended speed displayed
can be adjusted by rotmaing the set speed
oontral knob.

LAS/MACH Selector Switch. Determines whether LAS or ilach number is
displayed In the NAV mods.

16



Table VI
(C onut ed)

XLn Qr&AI No.MWa4htur* and ruiction for the
AV-IA Aircraft-

"Cowca Fqt~ -•-uncuoa-

W7 Hoser 3lecowr switch. Labeled HlOMER when in the UP poeition.
permits a UHF hooaw symbol to le displayed
Go the MIf(D.

AGA leuIcur awttch. Labeled AD2D, when in the U? poestion, par-
mrts an angle of attack symbol to be dis-
played on the HUD.

bdf/5ro Switch. ladar altimeter height cor be displayed by
pohltioning the radio/baro swi:ch to RADIO.
The number displayed is preceded by the
letter R. Riduar height display is available
Ia all mode. except air-to-sir. Placing
the switch to BARO causoe buroitrtc
]eight to be displayed on the HUD.

TACAN Switch. Plecing this iwitch to the UP position per-
mits TACAN steering symb' to be dis-
played on the HUD.

bit Test Butin- I and 2. Permits built-in, test equipment (DIT) tests
to be made. When en of tLe buttone Is do-
pretsed an associated test Is Initiated and
a tet pattern 1t displayed for as laog as the
button to held depressed.

Barome•Ul Pressure Datum Setting A knob labeled SET IN HO adJusts the baro-
Control sad Indilstor. metro pressure datum. The selected datum

Js displayed on an indicator next to the knob.
The datum ettng i :nge to from 24. 00 to
31.11 incase of mercury.

"Wsiepas Setting Control and An ON/077 csanrol. labeled MPAN, pro-
Air-to-Air Mode Knob. selects tho air-to-air gun mode whan rotated

from 0"., Further rotation of the control
Wets the wingspan of the target for use during
stadlametric ranglng. The span setIs indi-
cated In a wirdow next to the oontLol. A
open range of 20 to 120 feel. to avallable.

* Ad~ptd from AV-SA/TAV-SA NATOPS
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button it depressed In either cockpit, It overrides TRdT 2 salso-
oa In the other cockpit. The R preset adjustments are m~ade

before flight to harmonize the aiming point. The XG ad XY
preset adjustments are emda before flight to adjust the display.

-The DIM control knob adjusts the rest cockpit HUD contrast
level. This )ovel is then maintained automatically by the rearsolr od lun•it.0 (0, p. 293).

D. M-14A (AN/AVQ-12)

The F-14 is a tandem two-seat fighter aircraft. The crew consist, of a
pilot and a ruder intercept of'icer (PaO.).

Control Location and Switch Type

The HUD in the P-1t is pmrn of the Vertical Display Indilvtor Group CVDIZfl.
The other component of VDIO is a bead-down CRT display, the vertical display if
Indicator (VIM). The VDI snd HUD simultaneously preeent mode information tothe Prior.

Figure 35 presents a plcture of the windscreen that serves as a c-=biner
In the F-14A. Note the reflection of the HUD exit lens on the windscreen. Poei-
Uoned on the lower starboard instrument console, part of the VDIO oontzol panel
can be seen. Figure 34 presents the VDIG control panel, at seen from the pilot's
smt in the P-14A.

The VDIO control panel is located on the pilot's starboard Instrument console.
Both VDI and HUD controls are on this panel. The BUD brightnese control, the
MUD trim control, and the HUD pitch ladder control, are all rotary switches. The
HUD dGeclutter ooato& the HUD AWL control, and the HUD power switch are all
two-position toggle swtcbes. There are 10 pushbuttons located on the panel.
Five are for mode selectlon and five are for subtoode seeht-lon. Only one mode
mad uvubode can be selected at a time. When the square pushbutton is depressed.
it automatically rotatee l00. This rotation piovides the pilot with asay recog-
nition at what mode and1or subtoode is selected.

Table VII presents th HIUD nomenclature and function for the P-14A air-
craft (10).

Modes of2Leratioz

The P-14A has five primary modes, and five steering comumand submodes.

1. Primary modes

a. Take-off

b. Cruise



Table Va(

KM C ~trl Nomenclature and Punctic.n for the
V-14A Aircraft,

Contol Mzo~aure unctLon

M7D BRT control. Allows pilot to vary HUD brightnee.

WD TR34 aotrol. Allows pilot to adjust pitch trim on HUD.

MID AWL switch. MS. - Selects (AN/SFN-41) display pro-
sentation on the HUD during Landlng
phasse.

ACL - Seal't (AN/PSN-42) display pie-
sentatlo on the MUD during landing
phases. Normally lef In the ACLP position.

MUD DZCLUTTZR switch. Placing the switch to ON position rd•uces
the amount of symbology on the HUD. BHUD
decluttw swtch can be used in all modes
eacept cruise.

PITCH LAD control. Controls the position c the pitch ladder on
the HUD. To move pitch ladder UP, the
control is rotated clockwise. Couznteclock-
wise rotation moves It duwn.

POWR ewitched. Three separate switches are provided for
ON-OFF power oont!rl of the VDI. HUD,
and HSD/ECHD. AUl thres switchep must
be set to ON to satsfy ONC. In the event
of display loss ciused by electrical poer
transients, dir)lay may be restored by
cycling the appropriate ON-OFF? witoh.

MODB Pushbuttons

TO - Selects takeoff eynnbology for ths HUD and
VDI.

CRUISE - Selects cruise symbology for the HUD and
VDI.

A/A - Selects A/A stack symbology for the HUD
and VI)I.

III
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I
Tabla Va'

8WCub Nomc.lature and Pw~u on f tb.
,-14A Alrcraft*

A/0 - ila•sct A/N atmk anbology by the HUD
and VDI.

LDO - Selects landing ((LS, ACL) oymbclcly on

ha W Uand VDOl.

ST~ CUD ?uhbutions.

TACAN - Provides TACAN steeJng and deviation
from tselactad TACAI radial.

STP- Povildes course to selclWl preset dasti-
ation point.

AWL/?CO - Provides gilideo•e Information duriLng
landing or preclslon course direction
(vector) infiomation durizg A/0.

VIC - Provides D/L deviation steertng.

MAN - Displeys manually ilected course and
haadlnq.

*Aoaptod from P-14A HATOP$

29



d. Air-t*-OrvaWn

L. ftsw.ng amazad subwodet

a. TACAN

b. Desuatbig

a. All Weatha Landumg/Prec±*af courvse directiona.

4. Veftr

0. MAMMeI

Cosab~aation of th primary mades, stoening oometand gukbuodes. and
weapon seleUcti yield the following 23 operational modes (Figureq 15 through

a. abe-sivmnanw Wrig. 16)

b. Take-off/TACAtN CFlg. 15)

a. Cruise/Veclor (Fig.- 10)

d. CrulIseTACAN (FIgX -IS)

S. Cruise/amnul tFig. 17)

f. Cruise/dest~natlon CYig. 17)

x . A/A mual gun Wig. 11)

h. A/Aopticaltrack W~tg. 16)

5. A/A sldewindst baresight WFig. 13)

J.A/A sidewinder NCORXAL MEig. 13)

k . A/A Phoenix borosight C11g. 20)

I. A/Ar e"onix Dmci- Wig. 20) I .

a. A/A SPARPQW boresight CF1g. 21)
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A. A/A SPARROW normal (VIg. 21)

o. A/C3 Computer-Initial Point (Fig. 22)

p. A/0 Computer - Target (rit. 72)

q, AIG Precision Course Direction (Fig. 23)

r. A/0 Computer-Pilot (Bomb) (Fig. 23)

a. A/0 Computer-Pilot (Guns. fnccets) (Fig. 24)

t. A/O Manual (Fig. 25)

u. Landing/Vector (Fig, 2S)

v. Landing/All Weather Lndindt (Fig. 26)

w. Landinn/TACAN (Fig. 26).

Other HUD Inputs

bIputs Into the inertial navigation system or .easronot ilection by the pilot
Influences what is depicted on the HUD. HUD test modee a.-a initiated when INST
is *adcted oa the master test renel.

I. GJINRAL COJWO4RNTS

Further detailed lInormation on pilot Inputs to the HUD units are avauilable
from the tactical manu,•l for each alrcrait Classlfied poltions of this inlormation
we not Included in this zsport.

The modeas of the operation available to the pilot vary considera'Lly from
atroreft to aircraft. This can be explained portly in terms of the misaonx of the j
different aircraft (i.e., attack, V/STOL, fighter) The modes specified in
MIL-D-6141 (AS) are as follows:

1. Takeofl/Navigatiton

2. Torraie FoLlowing

3. Bombing

4. Boreslght. Weapons

5. Guidad Weapons

22



F
0. Landing

7. Teat
5. 3oreetSgt a

e. Standby

The taraW-fo~lowins mcds Is opcmal for both snack and ftghter aircraft.
bombing mode tI optional br fighter airureft, ad uiadd Weapons mode is
optional for attack elrcraft. Acoording to XJL-D-81641 (AS). gModes such 3i
boatng. Boresight Wempwoii. and Mon-Boreslght mtusilee may have suzbmos
which shoul.6 be deasinated by the detailed spociflcttioe of the IPUD fra a
particular %ftc.tft.* (R. p. 11).

ML-D-31143 (AS) "lo Ulnt the nmanual coat-ol to be provided on the HUD
control panel. Theo controls are:

1. Symbol Brightnees/Off

2. Mode Selectour

S. Submode Seloctlon

4. HUD 3Mrometriof/Radar Altitude Selection

S. Barometrio Altitude Adjustment

6. VAN Slection (vortcal velnclty/alrspoed/mach number).

7. Scales onloff

9. Standby Rteticle Brightmeas
10. Standby Pedcle MCL MM zepruioln

I"

1i. Standby Reticle Filament Selection

12. Camera oaioffI

13. HuD Control Prz*1 Ligbts Switch ¶
As can be r~oted from tho previous sections, nons of the aircraft has a

HUD control panel that conforms to the military ,peclflcaton for HUDs. Accord-
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rIn to DIL-D-t1141 (AS). the HUD control panel is to be located on the starboard
aide of tht cockpit. Orly the F-14A aircraft meset this speclfloatton.

Altbough all tha manual HUD1 controls are clearly labeled, the pilot is
required to bring his eyes back "Inv" the cockpit to ensure proper switch
selecton. Controls located on the side of the HUD unit, such as in the A-4M,
are at beat Qff~cult to read. However, lr'zrmal Interviews with A-4M, A-71,
AV-IA. and P-14A pilots indicate that t0e pilots do not consider the HUD control
panda a probete area. All pilots interviewed felt that the penuls were e"ey
to use, and there was little likelihood cf inadvertent control sctatl-oa or control
tafausion. Computer inputs to tie HUD& rre typically accomplished on the deck
prior to tax. Rarely are inputs to the HUD via the computer entered in flight.
Overall. the workload requirements for computtr input and trade selection are

inmal and are not ousidwree a d ietrr nt to mission perfoxrnce.

IV. SUMMARY

Operat0cal ISUDs were found to differ ,,lgn!flcantly from each other and from
thm military spectflcatiom for HiDl. 1M4-D-81641 (AS), with respeot to symbology
&ad ro'mating, l urthermre, display clatcr was reported by pilots to be a major
problem. A oomprehenrive Informatlen processing evaluatlu ofi virtual I•rge
syMbols and formating under dynamic display conditions is z ecuamended.

None of the current aircraft has a HUD control panel that complies to
WL-D-S1141 (AS). the military speciflcation for HUDn. Pilots are required to
bring their eyes back "Itn.o the cockpit to ensure proper switch selection and,
€onsequontly. neqate the primary purpose of maintaining a hbed-up m=de.
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